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COMPOUNDS AND METHODS OF MAKING
STEROLS USING DIOLS

This application 1s a continuation of U.S. application Ser.
No. 16/284,551, entitled “COMPOUNDS AND METHODS

OF MAKING STEROLS USING DIOLS”, now patented as
U.S. Pat. No. 10,577,389, which 1s a continuation of U.S.
application Ser. No. 15/600,373, entitled “COMPOUNDS
AND METHODS OF MAKING STEROLS USING
DIOLS”, now patented as U.S. Pat. No. 10,214,557, which
1s a continuation of U.S. application Ser. No. 14/962,742,
entitled “COMPOUNDS AND METHODS OF MAKING
STEROLS USING DIOLS”, now patented as U.S. Pat. No.
9,657,052, and claims the benefit of the filing date of U.S.
Provisional Application No. 62/089,607, filed on Dec. 9,
2014, enftitled “COMPOUNDS AND MFETHODS OF
MAKING STEROLS USING DIOLS”, and U.S. Provi-
sional Application No. 62/089,600, filed on Dec. 9, 2014,
entitled “COMPOUNDS AND METHODS INVOLVING

STEROLS”. These entire disclosures are hereby incorpo-

rated by reference into the present disclosure.

BACKGROUND

Biologics are commonly employed to promote bone
growth 1n medical applications including fracture healing
and surgical management of spinal disorders. Spine fusion 1s
often performed by orthopedic surgeons and neurosurgeons
alike to address degenerative disc disease and arthritis
aflecting the lumbar and cervical spine. Historically, autog-
enous bone graiting, commonly taken from the 1liac crest of
the patient, has been used to augment fusion between
vertebral levels.

One protein that 1s osteogenic and commonly used to
promote spine fusion 1s recombinant human bone morpho-

genetic protein-2 (rhBMP-2). Its use has been approved by
the US Food and Drug Administration (FDA) for single-
level anterior lumbar interbody fusion. The use of rhBMP-2

has increased significantly since this time and indications for
its use have expanded to include posterior lumbar spinal
fusion as well as cervical spine fusion.
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To synthesize Oxy133, often there are complex, multi-
step chemical reactions that are diflicult to carry out 1n a
single container. For example, to synthesize Oxy133 there
may be utilization of various protection reagents to protect
end groups as the molecule 1s being synthesized. In addition,
various deprotection reagents are also utilized that increase
cost, reduce safety and have an adverse environmental
impact. Further, the route of synthesis of OXY133 can have
very low vield less than 30%.

Theretfore, there 1s a need for a cost eflective method of
synthesizing Oxy133 for use 1 promoting osteogenesis,
osteoinduction and/or osteoconduction. Methods of synthe-
s1zing Oxy133 having a high yield and improved process
safety would be beneficial. Methods for synthesizing

Oxy133 from endogenous starting material, which 1s stereo-
selective, would also be beneficial.

SUMMARY

Compounds and methods of synthesizing Oxy133 are
provided for use 1n promoting osteogenesis, osteoinduction
and/or osteoconduction. Methods of synthesizing Oxy133
having high vields and improved process salety are also
provided. Methods for synthesizing Oxy133 that are stereo-

Oxysterols form a large tamily of oxygenated derivatives 50 selective are also provided. Methods of synthesizing

of cholesterol that are present in the circulation, and 1n
human and animal tissues. Oxysterols have been found to be
present 1n atherosclerotic lesions and play a role in various
physiologic processes, such as cellular diflerentiation,

inflammation, apoptosis, and steroid production. Some natu-
rally occurring oxysterols have robust osteogenic properties
and can be used to grow bone. The most potent osteogenic
naturally occurring oxysterol, 20(S)-hydroxycholesterol, 1s
both osteogenic and anti-adipogenic when applied to mul-
tipotent mesenchymal cells capable of differentiating into
osteoblasts and adipocytes.

One such oxysterol 1s Oxy133 or (35,55,65,8R,95,10R,
135,14S5,17S) 17-((S)-2-hydroxyoctan-2-yl1)-10,13-dimeth-
ylhexadecahydro-1H-cyclopentala]Jphenanthrene-3,6-d1ol,
which exhibits the following structures:
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Oxy133 that have reduced environmental impact and have
low product cost are also provided.

In some embodiments, there 1s a compound comprising,
the structure:
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3

or a pharmaceutically acceptable salt, hydrate or solvate
thereol, wherein R1 comprises an aliphatic or cyclic sub-
stituent having at least one carbon atom.

In some embodiments there 1s a method of making a
sterol, the method comprising reacting an organometallic
compound with pregnenolone or pregnenolone acetate to
form the sterol, the sterol having the formula:

or a pharmaceutically acceptable salt, hydrate or solvate
thereol, wherein R1 comprises an aliphatic or cyclic sub-
stituent having at least one carbon atom.

In some embodiments, there 1s a method of making an
oxysterol, the method comprising reacting a diol having the
formula:

with borane and hydrogen peroxide to form the oxysterol or
a pharmaceutically acceptable salt, hydrate or solvate
thereol having the formula:

mlllln-
C:‘IIIIII-
=

wherein R1 comprises an aliphatic or cyclic substituent
having at least one carbon atom, and wherein R2 comprises
an aliphatic or cyclic substituent having at least one carbon
atom.

In some embodiments, there 1s a method of making an
oxysterol, the method comprising reacting a diol having the
formula:
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HO/

with a borane compound to form the oxysterol or a phar-

maceutically acceptable salt, hydrate or solvate thereof
having the formula:

HO/

wherein R1 comprises an aliphatic or cyclic substituent
having at least one carbon atom, and R2 comprises an
aliphatic or cyclic substituent having at least one carbon
atom.

In some embodiments, there 1s a method of making an
oxysterol, the method comprising reacting a diol having the
formula:

HO/

with borane, hydrogen peroxide and tetrahydrofuran to form
the oxysterol or a pharmaceutically acceptable salt, hydrate
or solvate thereof having the formula:
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S

wherein R1 comprises an aliphatic or cyclic substituent
having at least one carbon atom, and R2 comprises an
aliphatic or cyclic substituent having at least one carbon
atom.

Additional features and advantages of various embodi-
ments will be set forth 1n part 1n the description that follows,
and 1n part will be apparent from the description, or may be
learned by practice of various embodiments. The objectives
and other advantages of various embodiments will be real-
ized and attained by means of the elements and combina-

tions particularly pointed out in the description and
appended claims.

BRIEF DESCRIPTION OF THE FIGURES

In part, other aspects, features, benefits and advantages of
the embodiments will be apparent with regard to the fol-
lowing description, appended claims and accompanying
drawings where:

FIG. 1 1illustrates a step-wise reaction for synthesizing
Oxy133 with starting reactants comprising pregnenolone
acetate, as shown 1n one embodiment of this disclosure. The
pregnenolone 1s reacted with an organometallic compound
to produce a sterol or diol having two hydroxyl groups. The
sterol or diol 1s then reacted with borane and hydrogen
peroxide and purified to produce Oxy133;

FIG. 2 is a graphic illustration of the "H NMR data
obtained from 1solated and purified Oxy133;

FIG. 3 is a graphic illustration of the '*C NMR data
obtained from Oxy133;

FIG. 4 1s a graphic illustration of the infrared spectros-
copy data obtained from Oxy133;

FIG. 5 1s a graphic 1llustration of the mass spectroscopy
data obtained from Oxy133;

FIG. 6 is a graphic illustration of "H NMR data obtained
from the intermediary sterol or diol to synthesize Oxy133;

FIG. 7 is a graphic illustration of "*C NMR data obtained
from the intermediary sterol or diol to synthesize Oxy133.

It 1s to be understood that the figures are not drawn to
scale. Further, the relation between objects 1n a figure may
not be to scale, and may 1n fact have a reverse relationship
as to size. The figures are intended to bring understanding
and clanty to the structure of each object shown, and thus,
some features may be exaggerated in order to illustrate a
specific feature of a structure.

DETAILED DESCRIPTION

For the purposes of this specification and appended
claims, unless otherwise indicated, all numbers expressing
quantities of ingredients, percentages or proportions of
materials, reaction conditions, and other numerical values
used 1n the specification and claims, are to be understood as
being modified 1n all instances by the term “about.” Accord-
ingly, unless indicated to the contrary, the numerical param-
cters set forth 1n the following specification and attached
claims are approximations that may vary depending upon
the desired properties sought to be obtained by the present
application. At the very least, and not as an attempt to limait
the application of the doctrine of equivalents to the scope of
the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and param-
eters setting forth the broad scope of the present application
are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any
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numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in
their respective testing measurements. Moreover, all ranges
disclosed herein are to be understood to encompass any and
all sub ranges subsumed therein. For example, a range of 1
to 10” includes any and all sub ranges between (and 1nclud-
ing) the minimum value of 1 and the maximum value of 10,
that 1s, any and all sub ranges having a minimum value of
equal to or greater than 1 and a maximum value of equal to
or less than 10, e.g., 5.5 to 10.

Definitions

It 1s noted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the,”
include plural referents unless expressly and unequivocally
limited to one referent. Thus, for example, reference to “an
alkanolamine” includes one, two, three or more alkano-
lamines.

The term “bioactive agent” as used herein 1s generally
meant to refer to any substance that alters the physiology of
a patient. The term “bioactive agent” may be used inter-
changeably herein with the terms “therapeutic agent,”
“therapeutically eflective amount,” and “active pharmaceu-
tical mngredient”, “API” or “drug”.

The term “biodegradable” includes compounds or com-
ponents that will degrade over time by the action of
enzymes, by hydrolytic action and/or by other similar
mechanisms 1n the human body. In various embodiments,
“biodegradable” includes that components can break down
or degrade within the body to non-toxic components as cells
(e.g., bone cells) infiltrate the components and allow repair
of the defect. By “bioerodible’” it 1s meant that the com-
pounds or components will erode or degrade over time due,
at least i part, to contact with substances found in the
surrounding tissue, fluids or by cellular action. By “bioab-
sorbable™ 1t 1s meant that the compounds or components will
be broken down and absorbed within the human body, for
example, by a cell or tissue. “Biocompatible” means that the
compounds or components will not cause substantial tissue
irritation or necrosis at the target tissue site and/or will not
be carcinogenic.

The term “alkyl” as used herein, refers to a saturated or
unsaturated, branched, straight-chain or cyclic monovalent
hydrocarbon radical derived by the removal of one hydrogen
atom from a single carbon atom of a parent alkane, alkene
or alkyne. Typical alkyl groups include, but are not limited
to, methyl; ethyls such as ethanyl, ethenyl, ethynyl; propyls
such as propan-1-yl, propan-2-vyl, cyclopropan-1-yl, prop-1-
en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl, cycloprop-1-en-1-
yl; cycloprop-2-en-1-yl, prop-1-yn-1-yl, prop-2-yn-1-yl,
etc.; butyls such as butan-1-yl, butan-2-yl, 2-methyl-propan-
1-yl, 2-methyl-propan-2-yl, cyclobutan-1-yl, but-1-en-1-vl,
but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-yl, but-
2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-yl, cyclobut-
1-en-1-yl, cyclobut-1-en-3-yl, cyclobuta-1,3-dien-1-yl, but-
1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like.
Where specific levels of saturation are intended, the nomen-
clature “alkenyl” and/or “alkynyl” 1s used, as defined below.
In some embodiments, the alkyl groups are (C1-C40) alkyl.
In some embodiments, the alkyl groups are (C1-C6) alkyl.

The term “alkanyl” as used herein refers to a saturated
branched, straight-chain or cyclic alkyl radical derived by
the removal of one hydrogen atom from a single carbon
atom of a parent alkane. Typical alkanyl groups include, but
are not limited to, methanyl; ethenyl; propanyls such as
propan-1-yl, propan-2-yl(isopropyl), cyclopropan-1-vl, etc.;
butyanyls such as butan-1-yl, butan-2-yl (sec-butyl),
2-methyl-propan-1-yl  (isobutyl), 2-methyl-propan-2-yl
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(t-butyl), cyclobutan-1-yl, etc.; and the like. In some
embodiments, the alkanyl groups are (C1-C40) alkanyl. In
some embodiments, the alkanyl groups are (C1-C6) alkanyl.

The term “alkenyl” as used herein refers to an unsaturated
branched, straight-chain or cyclic alkyl radical having at
least one carbon-carbon double bond derived by the removal
of one hydrogen atom from a single carbon atom of a parent
alkene. The radical may be in either the cis or trans confor-
mation about the double bond(s). Typical alkenyl groups
include, but are not limited to, ethenyl; propenyls such as
prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl, prop-2-en-
2-yl, cycloprop-1-en-1-yl; cycloprop-2-en-1-yl; butenyls
such as but-1-en-1-yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-
yl, but-2-en-1-yl, but-2-en-1-yl, but-2-en-2-vyl, buta-1,3-
dien-1-yl, buta-1,3-dien-2-yl, cyclobut-1-en-1-yl, cyclobut-
1-en-3-yl, cyclobuta-1,3-dien-1-yl, etc.; and the like. In
some embodiments, the alkenyl group 1s (C2-C40) alkenyl.
In some embodiments, the alkenyl group 1s (C2-C6) alkenyl.

The term “alkynyl” as used herein refers to an unsaturated
branched, straight-chain or cyclic alkyl radical having at
least one carbon-carbon triple bond derived by the removal
of one hydrogen atom from a single carbon atom of a parent
alkyne. Typical alkynyl groups include, but are not limited
to, ethynyl; propynyls such as prop-11-yn-1-yl, prop-2-yn-
1-yl, etc.; butynyls such as but-1-yn-1-yl, but-3-yn-1-vl,
etc.; and the like. In some embodiments, the alkynyl group
1s (C2-C40) alkynyl. In some embodiments, the alkynyl
group 1s (C2-C6) alkynyl.

The term “alkyldiy]” as used herein refers to a saturated
or unsaturated, branched, straight-chain or cyclic divalent
hydrocarbon radical derived by the removal of one hydrogen
atom from each of two different carbon atoms of a parent
alkane, alkene or alkyne, or by the removal of two hydrogen
atoms from a single carbon atom of a parent alkane, alkene
or alkyne. The two monovalent radical centers or each
valency of the divalent radical center can form bonds with
the same or different atoms. Typical alkyldiyls include, bu
are not limited to methandiyl; ethyldiyls such as ethan-1,1-
diyl, ethan-1,2-diyl, ethen-1,1-diyl, ethen-1,2-diyl; propy-
Idiyls such as propan-1,1-diyl, propan-1,2-diyl, propan-2,2-
diyl, propan-1,3-diyl, cyclopropan-1,1-diyl, cyclopropan-1,
2-diyl, prop-1-en-1,1-diyl, prop-1-en-1,2-diyl, prop-2-en-1,
2-diyl, prop-1-en-1,3-diyl cycloprop-1-en-1,2-divl,
cycloprop-2-en-1,2-diyl, cycloprop-2-en-1,1-diyl, prop-1-
yn-1,3-diyl, etc.; butyldiyls such as, butan-1,1-diyl, butan-
1,2-diyl, butan-1,3-diyl, butan-1,4-diyl, butan-2,2-diyl,
2-methyl-propan-1,1-diyl, 2-methyl-propan-1,2-diyl,
cyclobutan-1,1-diyl; cyclobutan-1,2-diyl, cyclobutan-1,3-
diyl, but-1-en-1,1-d1yl, but-1-en-1,2-diyl, but-1-en-1,3-diyl,
but-1-en-1,4-diyl, 2-methyl-prop-1-en-1,1-diyl, 2-metha-
nylidene-propan-1,1-diyl, buta-1,3-dien-1,1-diyl, buta-1,3-
dien-1,3-d1yl, cyclobut-1-en-1,2-d1yl, cyclobut-1-en-1,3-
diyl, cyclobut-2-en-1,2-diyl, cyclobuta-1,3-dien-1,2-diyl,
cyclobuta-1,3-dien-1,3-diyl, but-1-yn-1,3-diyl, but-1-yn-1,
4-diyl, buta-1,3-diyn-1,4-diyl, etc.; and the like. Where
specific levels of saturation are mtended, the nomenclature
alkanyldiyl, alkenyldiyl and/or alkynyldiyl 1s used. In some
embodiments, the alkyldiyl group 1s (C1-C40) alkyldiyl. In
some embodiments, the alkyldiyl group 1s (C1-C6)
alkyldiyl. Also contemplated are saturated acyclic alka-
nyldiyl radicals in which the radical centers are at the
terminal carbons, ¢.g., methandiyl (methano); ethan-1,2-diyl
(ethano); propan-1,3-diyl(propano); butan-1,4-diyl(butano);
and the like (also referred to as alkylenos, defined infra).

The term “alkyleno” as used herein refers to a straight-
chain alkyldiyl radical having two terminal monovalent
radical centers derived by the removal of one hydrogen atom
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from each of the two terminal carbon atoms of straight-chain
parent alkane, alkene or alkyne. Typical alkyleno groups
include, but are not limited to, methano; ethylenos such as
cthano, etheno, ethyno; propylenos such as propano, prop
[1]eno, propal1,2]dieno, prop[1]yno, etc.; butylenos such as
butano, but[1]eno, but|2]eno, buta[1,3]dieno, but|1]yno, but
[2]yno, but[1,3]diyno, etc.; and the like. Where specific
levels of saturation are intended, the nomenclature alkano,
alkeno and/or alkyno 1s used. In some embodiments, the
alkyleno group 1s (C1-C40) alkyleno. In some embodiments,
the alkyleno group 1s (C1-C6) alkyleno.

The terms “heteroalkyl,” “heteroalkanyl.” “heteroalk-
enyl,” “heteroalkanyl,” “heteroalkyldiyl” and “heteroal-
kyleno” as used herein refer to alkyl, alkanyl, alkenyl,
alkynyl, alkyldiyl and alkyleno radicals, respectively, 1n
which one or more of the carbon atoms are each indepen-
dently replaced with the same or different heteroatomic
groups. Typical heteroatomic groups which can be included

in these radicals include, but are not limited to, —O—,

S— —0O—-0—, S—S—, 0O—S—  —NR,
—N—N—, —N—/N—, —N(O)N—, —N—N-—NR'—,
—PH—, —P(0)2-, —P(0)2-, —SH2-, —S8(0)2-, or the

like, where each R' is independently hydrogen, alkyl, alka-
nyl, alkenyl, alkynyl, aryl, arylaryl, arylalkyl, heteroaryl,
heteroarylalkyl or heteroaryl-heteroaryl as defined herein.

The term “aryl” as used herein refers to a monovalent
aromatic hydrocarbon radical derived by the removal of one
hydrogen atom from a single carbon atom of a parent
aromatic ring system. Typical aryl groups include, but are
not limited to, radicals derived from aceanthrylene, acenaph-
thylene, acephenanthrylene, anthracene, azulene, benzene,
chrysene, coronene, fluoranthene, fluorene, hexacene, hexa-
phene, hexylene, as-indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene, octalene, ovalene, penta-
2.4-diene, pentacene, pentalene, pentaphene, perylene, phe-
nalene, phenanthrene, picene, pleiadene, pyrene, pyra-
nthrene, rubicene, triphenylene, trinaphthalene, and the like.
In some embodiments, the aryl group 1s (C3-C14) aryl or a
(C5-C10) aryl. Some preferred aryls are phenyl and naph-
thyl.

The term “aryldiyl” as used herein refers to a divalent
aromatic hydrocarbon radical derived by the removal of one
hydrogen atom from each of two diflerent carbon atoms of
a parent aromatic ring system or by the removal of two
hydrogen atoms from a single carbon atom of a parent
aromatic ring system. The two monovalent radical centers or
cach valency of the divalent center can form bonds with the
same or different atom(s). Typical aryldiyl groups include,
but are not limited to, divalent radicals derived from acean-
thrylene, acenaphthylene, acephenanthrylene, anthracene,
azulene, benzene, chrysene, coronene, fluoranthene, fluo-
rine, hexacene, hexaphene, hexylene, as-indacene, s-in-
dacene, indane, indene, naphthalene, octacene, octaphene,
octalene, ovalene, penta-2,4-diene, pentacene, pentalene,
pentaphene, perylene, phenalene, phenanthrene, picene, ple-
1adene, pyrene, pyranthrene, rubicene, triphenylene, trinaph-
thalene, and the like. In some embodiments, the aryldiyl
group 1s (C35-C14) aryldiyl or (C3-C10) aryldiyl. For
example, some preferred aryldiyl groups are divalent radi-
cals derived from benzene and naphthalene, especially
phena-1,4-diyl, naphtha-2,6-diyl and naphtha-2,7-d1yl.

The term “arydeno™ as used herein refers to a divalent
bridge radical having two adjacent monovalent radical cen-
ters derived by the removal of one hydrogen atom from each
of two adjacent carbon atoms ol a parent aromatic ring
system. Attaching an aryleno bridge radical, e.g. benzeno, to
a parent aromatic ring system, €.g. benzene, results 1n a
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fused aromatic ring system, e¢.g. naphthalene. The bridge 1s
assumed to have the maximum number of non-cumulative
double bonds consistent with 1ts attachment to the resultant
fused ring system. In order to avoid double-counting carbon
atoms, when an aryleno substituent 1s formed by taking
together two adjacent substituents on a structure that
includes alternative substituents, the carbon atoms of the
aryleno bridge replace the bridging carbon atoms of the
structure. As an example, consider the following structure:

7 N\ _p
e

RZ

wherein R', when taken alone is hydrogen, or when taken
together with R* is (C5-C14) aryleno; and R*, when taken
alone is hydrogen, or when taken together with R' is
(C5-C14) aryleno.

When R' and R* are each hydrogen, the resultant com-
pound is benzene. When R' taken together with R* is C6

aryleno (benzeno), the resultant compound 1s naphthalene.
When R' taken together with R* is C10 aryleno (naphtha-
leno), the resultant compound 1s anthracene or
phenanthrene. Typical aryleno groups include, but are not
limited to, aceanthryleno, acenaphthyleno, acephenanthty-
leno, anthraceno, azuleno, benzeno (benzo), chryseno, coro-
neno, fluorantheno, fluoreno, hexaceno, hexapheno, hex-
yleno, as-indaceno, s-indaceno, 1indeno, naphthalene
(naphtho), octaceno, octapheno, octaleno, ovaleno, penta-2,
4-dieno, pentaceno, pentaleno, pentapheno, peryleno, phe-
naleno, phenanthreno, piceno, pleiadeno, pyreno, pyra-
nthreno, rubiceno, triphenyleno, trinaphthaleno, and the like.
Where a specific connectivity 1s intended, the mmvolved
bridging carbon atoms (of the aryleno bridge) are denoted in
brackets, e.g., [1,2]benzeno ([1,2]benzo), [1,2]naphthaleno,
[2,3]naphthaleno, etc. Thus, in the above example, when R*
taken together with R”® is [2,3]naphthaleno, the resultant
compound is anthracene. When R' taken together with R” is
| 1,2]naphthaleno, the resultant compound 1s phenanthrene.
In a preferred embodiment, the aryleno group 1s (C3-C14),
with (C5-C10) being even more preferred.

The term “arylaryl” as used herein refers to a monovalent
hydrocarbon radical derived by the removal of one hydrogen
atom from a single carbon atom of a ring system in which
two or more 1dentical or non-identical parent aromatic ring,
systems are joined directly together by a single bond, where
the number of such direct ring junctions 1s one less than the
number of parent aromatic ring systems involved. Typical
arylaryl groups include, but are not limited to, biphenyl,
triphenyl, phenyl-naphthyl, binaphthyl, biphenyl-naphthyl,
and the like. When the number of carbon atoms comprising
an arylaryl group 1s specified, the numbers refer to the
carbon atoms comprising each parent aromatic ring. For
example, (C1-C14) arylaryl 1s an arylaryl group in which
cach aromatic ring comprises from 5 to 14 carbons, e.g.,
biphenyl, triphenyl, binaphthyl, phenylnaphthyl, etc. In
some 1nstances, each parent aromatic ring system of an
arylaryl group 1s independently a (C3-C14) aromatic or a
(C1-C10) aromatic. Some preferred are arylaryl groups 1n
which all of the parent aromatic ring systems are i1dentical,
¢.g., biphenyl, triphenyl, binaphthyl, trinaphthyl, etc.

The term “biaryl” as used herein refers to an arylaryl
radical having two 1dentical parent aromatic systems joined
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directly together by a single bond. Typical biaryl groups
include, but are not limited to, biphenyl, binaphthyl, bian-
thracyl, and the like. In some instances, the aromatic ring
systems are (C5-C14) aromatic rings or (C35-C10) aromatic
rings. One preferred biaryl group 1s biphenyl.

The term “arylalkyl” as used herein refers to an acyclic
alkyl radical 1n which one of the hydrogen atoms bonded to
a carbon atom, typically a terminal or spa carbon atom, 1s
replaced with an aryl radical. Typical arylalkyl groups
include, but are not limited to, benzyl, 2-phenylethan-1-vl,
2-phenylethen-1-yl, naphthylmethyl, 2-naphthylethan-1-vl,
2-naphthylethen-1-yl, naphthobenzyl, 2-naphthophenyle-
than-1-yl and the like. Where specific alkyl moieties are
intended, the nomenclature arylalkanyl, arylalkenyl and/or
arvlalkynyl 1s used. In some embodiments, the arylalkyl
group 1s (C6-C40) arylalkyl, e.g., the alkanyl, alkenyl or
alkynyl moiety of the arylalkyl group 1s (C1-C26) and the
aryl moiety 1s (C3-C14). In some preferred embodiments the
arylalkyl group 1s (C6-C13), e.g., the alkanyl, alkenyl o
alkynyl moiety of the arylalkyl group 1s (C1-C3) and the aryl
moiety 1s (C5-C10).

The term “heteroaryl™ as used herein refers to a monova-
lent heteroaromatic radical derived by the removal of one
hydrogen atom from a single atom of a parent heteroaro-
matic ring system. Typical heteroaryl groups include, but are
not limited to, radicals derived from acridine, arsindole,
carbazole, [-carboline, chromane, chromene, cinnoline,
furan, 1midazole, indazole, indole, i1ndoline, indolizine,
1sobenzoluran, 1sochromene, 1soindole, 1soindoline, 1soqui-
noline, 1sothiazole, i1soxazole, naphthyridine, oxadiazole,
oxazole, perimidine, phenanthridine, phenanthroline,
phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyr-
rolizine, quinazoline, quinoline, quinolizine, quinoxaline,
tetrazole, thiadiazole, thiazole, thiophene, triazole, xan-
thene, and the like. In some embodiments, the heteroaryl
group 1s a 5-14 membered heteroaryl, with 5-10 membered
heteroaryl being particularly preferred. Some preferred het-
eroaryl radicals are those derived from parent heteroaro-
matic ring systems in which any ring heteroatoms are
nitrogens, such as imidazole, indole, indazole, 1soindole,
naphthyridine, pteridine, 1soquinoline, phthalazine, purine,
pyrazole, pyrazine, pyridazine, pyridine, pyrrole, quinazo-
line, quinoline, etc.

The term “heteroaryldiyl” refers to a divalent heteroaro-
matic radical derived by the removal of one hydrogen atom
from each of two different atoms of a parent heteroaromatic
ring system or by the removal of two hydrogen atoms from
a single atom of a parent heteroaromatic ring system. The
two monovalent radical centers or each valency of the single
divalent center can form bonds with the same or different
atom(s). Typical heteroaryldiyl groups include, but are not
limited to, divalent radicals derived from acridine, arsindole,
carbazole, [-carboline, chromane, chromene, cinnoline,
furan, 1midazole, indazole, indole, indoline, indolizine,
1sobenzoluran, 1sochromene, 1soindole, 1soindoline, 1soqui-
noline, isothiazole, 1soxazole, naphthyridine, oxadiazole,
oxazole, perimidine, phenanthridine, phenanthroline,
phenazine, phthalazine, pteridine, purine, pyran, pyrazine,
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyr-
rolizine, quinazoline, quinoline, quinolizine, quinoxaline,
tetrazole, thiadiazole, thiazole, thiophene, triazole, xan-
thene, and the like. In some embodiments, the heteroaryldiyl
group 15 5-14 membered heteroaryldiyl or a 5-10 membered
heteroaryldiyl. Some preferred heteroaryldiyl groups are
divalent radicals derived from parent heteroaromatic ring
systems 1n which any ring heteroatoms are mitrogens, such
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as 1midazole, indole, indazole, i1soindole, naphthyridine,
pteridine, 1soquinoline, phthalazine, purine, pyrazole, pyra-
zine, pyridazine, pyridine, pyrrole, quinazoline, quinoline,
etc.

The term “heteroaryleno™ as used herein refers to a
divalent bridge radical having two adjacent monovalent
radical centers derived by the removal of one hydrogen atom
from each of two adjacent atoms of a parent heteroaromatic
ring system. Attaching a heteroaryleno bridge radical, e.g.
pyridino, to a parent aromatic ring system, €.g. benzene,
results 1n a fused heteroaromatic ring system, €.g., quinoline.
The bridge 1s assumed to have the maximum number of
non-cumulative double bonds consistent with its attachment
to the resultant fused ring system. In order to avoid double-
counting ring atoms, when a heteroaryleno substituent is
formed by taking together two adjacent substituents on a
structure that includes alternative substituents, the ring
atoms of the heteroaryleno bridge replace the bridging ring
atoms of the structure. As an example, consider the follow-
ing structure:

RZ

wherein R', when taken alone is hydrogen, or when taken
together with R* is 5-14 membered heteroaryleno; and R>,
when taken alone 1s hydrogen, or when taken together with

R' is 5-14 membered heteroaryleno:;

When R' and R* are each hydrogen, the resultant com-
pound is benzene. When R1 taken together with R” is a
6-membered heteroaryleno pyrnidino), the resultant com-
pound is isoquinoline, quinoline or quinolizine. When R
taken together with R* is a 10-membered heteroaryleno
(e.g., 1soquinoline), the resultant compound 1s, €.g., acridine
or phenanthridine. Typical heteroaryleno groups include, but
are not limited to, acridino, carbazolo, 3-carbolino, chrom-
eno, cinnolino, furan, i1midazolo, indazoleno, indoleno,
indolizino, 1sobenzofurano, 1sochromeno, isoindoleno, 1so-
quinolino, 1sothiazoleno, i1soxazoleno, naphthyridino, oxa-
diazoleno, oxazoleno, perimidino, phenanthridino,
phenanthrolino, phenazino, phthalazino, pteridino, purino,
pyrano, pyrazino, pyrazoleno, pyridazino, pyridino, pyrimi-
dino, pyrroleno, pyrrolizino, quinazolino, quinolino, quino-
lizino, quinoxalino, tetrazoleno, thiadiazoleno, thiazoleno,
thiopheno, triazoleno, xantheno, or the like. Where a specific
connectivity 1s intended, the involved bridging atoms (of the
heteroaryleno bridge) are denoted in brackets, e.g., [1,2]
pyridino, [2,3]pyridino, [3.4]pyridino, etc. Thus, i the
above example, when R' taken together with R* is [1,2]
pyridino, the resultant compound is quinolizine. When R
taken together with R2 1s [2,3]pyndino, the resultant com-
pound is quinoline. When R' taken together with R” is
[3,4]pyridino, the resultant compound 1s 1soquinoline. In
preferred embodiments, the heteroaryleno group 1s 5-14
membered heteroaryleno or 5-10 membered heteroaryleno.
Some preferred heteroaryleno radicals are those derived
from parent heteroaromatic ring systems in which any ring
heteroatoms are nitrogens, such as imidazolo, indolo, inda-
zolo, 1soindolo, naphthyridino, pteridino, isoquinolino,
phthalazino, purino, pyrazolo, pyrazino, pyridazino,
pyndmo, pyrrolo, quinazolino, quinolino, etc.
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The term “heteroaryl-heteroaryl” as used herein refers to
a monovalent heteroaromatic radical derived by the removal
of one hydrogen atom from a single atom of a ring system
in which two or more 1dentical or non-identical parent
heteroaromatic ring systems are joined directly together by
a single bond, where the number of such direct ring junc-
tions 1s one less than the number of parent heteroaromatic
ring systems mvolved. Typical heteroaryl-heteroaryl groups
include, but are not limited to, bipyridyl, tripyridyl, pyridyl-
purinyl, bipurinyl, etc. When the number of ring atoms are
specified, the numbers refer to the number of atoms com-
prising each parent heteroaromatic ring systems. For
example, 5-14 membered heteroaryl-heteroaryl 1s a het-
croaryl-heteroaryl group in which each parent heteroaro-
matic ring system comprises from 5 to 14 atoms, e.g.,
bipyridyl, tripyridyl, etc. In some embodiments, each parent
heteroaromatic ring system 1s mdependently a 5-14 mem-
bered heteroaromatic, more preferably a 5-10 membered
heteroaromatic. Also preferred are heteroaryl-heteroaryl
groups 1n which all of the parent heteroaromatic ring sys-
tems are i1dentical. Some preferred heteroaryl-heteroaryl
radicals are those in which each heteroaryl group 1s dertved
from parent heteroaromatic ring systems in which any ring
heteroatoms are nmitrogens, such as imidazole, indole, inda-
zole, 1soindole, naphthyridine, pteridine, 1soquinoline,
phthalazine, purine, pyrazole, pyrazine, pyridazine, pyri-
dine, pyrrole, quinazoline, quinoline, etc.

The term “biheteroaryl” as used herein refers to a het-
croaryl-heteroaryl radical having two identical parent het-
croaromatic ring systems joined directly together by a single
bond. Typical biheteroaryl groups include, but are not lim-
ited to, bipyridyl, bipurinyl, biquinolinyl, and the like. In
some embodiments, the heteroaromatic ring systems are
5-14 membered heteroaromatic rings or 5-10 membered
heteroaromatic rings. Some preferred biheteroaryl radicals
are those 1n which the heteroaryl groups are derived from a
parent heteroaromatic ring system in which any ring het-
croatoms are nitrogens, such as biimidazolyl, biindolyl,
bundazolyl, busoindolyl, binaphthyridinyl, bipteridinyl,
buisoquinolinyl, biphthalazinyl, bipurinyl, bipyrazolyl,
bipyrazinyl, bipyridazinyl, bipyridinyl, bipyrrolyl, biqui-
nazolinyl, biquinolinyl, etc.

The term “heteroarylalkyl” as used herein refers to an
acyclic alkyl radical in which one of the hydrogen atoms
bonded to a carbon atom, typically a terminal or sp2 carbon
atom, 1s replaced with a heteroaryl radical. Where specific
alkyl moieties are intended, the nomenclature heteroarylal-
kanyl, heteroarylakenyl and/or heterorylalkynyl 1s used. In
some embodiments, the heteroarylalkyl group 1s a 6-20
membered heteroarylalkyl, e.g., the alkanyl, alkenyl or alky-
nyl moiety of the heteroarylalkyl 1s 1-6 membered and the
heteroaryl moiety 1s a 3-14-membered heteroaryl. In some
preferred embodiments, the heteroarylalkyl 1s a 6-13 mem-
bered heteroarylalkyl, e.g., the alkanyl, alkenyl or alkynyl
moiety 1s 1-3 membered and the heteroaryl moiety 1s a 5-10
membered heteroaryl.

The term “substituted” as used herein refers to a radical 1n
which one or more hydrogen atoms are each independently
replaced with the same or different substituent(s). Typical
substituents include, but are not limited to, —X, —R,

O—, —0, —0OR, —0O—0R, —SR, —S— =S, —NRR,
—NR, perhalo (C1-C6) alkyl, —CX3, —CF3, —CN,
—OCN, —SCN, —NCO, —NCS, —NO, —NO2, —=N2,
—N3, —S(0)20—, —S(0)20H, —S(0)2R, —C(O)R,
—C(O)X, —C(S)R, —C(S5)X, —C(O)OR, —C(O)O—,
—C(S)YOR, —C(O)SR, —C(S)SR, —C(O)NRR, —C(S)
NRR and —C(NR)NRR, where each X 1s independently a
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halogen (e.g., —F or —Cl1) and each R 1s independently
hydrogen, alkyl, alkanyl, alkenyl, alkanyl, aryl, arylalkyl,
arylaryl, heteroaryl, heteroarylalkyl or heteroaryl-het-
eroaryl, as defined herein. The actual substituent substituting
any particular group will depend upon the identity of the
group being substituted.

The term “solvate™ as used herein refers to an aggregate
or complex that comprises one or more molecules of a
compound of the disclosure with one or more molecules of
solvent. Examples of solvents that form solvates include, but
are not limited to, water, 1sopropanol, ethanol, methanol,
DMSQO, ethyl acetate, acetic acid, and ethanolamine. The
term “hydrate” refers to the aggregate or complex where the
solvent molecule 1s water. The solvent may be inorganic
solvents such as for example water 1n which case the solvate
may be a hydrate. Alternatively, the solvent may be an
organic solvent, such as ethanol. Thus, the compounds of the
present disclosure may exist as a hydrate, including a
monohydrate, dihydrate, hemihydrate, sesquihydrate, trihy-
drate, tetrahydrate or the like, as well as the corresponding
solvated forms. The compound of the disclosure may be true
solvates, while 1n other cases, the compound of the disclo-
sure may merely retain adventitious water or be a mixture of
water plus some adventitious solvent.

The term “oxysterol” as used herein 1s meant to encom-
pass one or more forms of oxidized cholesterol. The oxys-
terols described herein are either independently or collec-
tively active to bone growth 1n a patient, as described in WO
2013169399 A1, which 1s hereby incorporated by reference
in its entirety.

The oxysterol, sterol or diol can be 1n a pharmaceutically
acceptable salt. Some examples of potentially pharmaceu-
tically acceptable salts include those salt-forming acids and
bases that do not substantially increase the toxicity of a
compound, such as, salts of alkali metals such as magne-
sium, potasstum and ammonium, salts of mineral acids such
as hydrochloride, hydriodic, hydrobromic, phosphoric,
metaphosphoric, nitric and sulfuric acids, as well as salts of
organic acids such as tartaric, acetic, citric, malic, benzoic,
glycollic, gluconic, gulonic, succinic, arylsulfonic, e.g.,
p-toluenesulfonic acids, or the like.

Pharmaceutically acceptable salts of oxysterol, sterol or
diol include salts prepared from pharmaceutically accept-
able non-toxic bases or acids including 1norganic or organic
bases, 1norganic or organic acids and {fatty acids. Salts
derived from inorganic bases include aluminum, ammo-
nium, calcium, copper, ferric, ferrous, lithium, magnesium,
manganic salts, manganous, potassium, sodium, zinc, and
the like. Salts derived from pharmaceutically acceptable
organic non-toxic bases include salts of primary, secondary,
and tertiary amines, substituted amines including naturally
occurring substituted amines, cyclic amines, and basic 1on
exchange resins, such as arginine, betaine, catleine, choline,
N.N'-dibenzylethylenediamine, diethylamine, 2-diethylami-
noethanol, 2-dimethylaminoethanol, ethanolamine, ethyl-
enediamine, N-ethyl-morpholine, N-ethylpiperidine, glu-
camine, glucosamine, histidine, hydrabamine,
1sopropylamine, lysine, methylglucamine, morpholine, pip-
crazine, piperidine, polyamine resins, procaine, purines,
theobromine, triethylamine, trimethyl amine, tripropylam-
ine, tromethamine, and the like. When the compound of the
current application 1s basic, salts may be prepared from
pharmaceutically acceptable non-toxic acids, including 1nor-
ganic and organic acids. Such acids include acetic, benze-
nesulfonic, benzoic, camphorsulionic, citric, ethanesulfonic,
formic, fumaric, gluconic, glutamic, hydrobromic, hydro-
chloric, 1sethionic, lactic, maleic, malic, mandelic, methane-
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sulfonic, malonic, mucic, nitric, pamoic, pantothenic, phos-
phoric, propionic, SUCC1NIC, sulfuric, tartaric,

p-toluenesulionic acid, trifluoroacetic acid, and the like.
Fatty acid salts may also be used, eg., fatty acid salts having
greater than 2 carbons, greater than 8 carbons or greater than
16 carbons, such as butyric, caproic, caprylic, capric, lauric,
mystiric, palmitic, stearic, arachidic or the like.

In some embodiments, 1n order to reduce the solubility of
the oxysterol, sterol, or diol to assist 1n obtaining a con-
trolled release depot eflect, the oxysterol, sterol, or diol 1s
utilized as the free base or utilized in a salt which has
relatively lower solubility. For example, the present appli-
cation can utilize an insoluble salt such as a fatty acid salt.
Representative fatty acid salts include salts of oleic acid,
linoleic acid, or fatty acid salts with between 8 to 20 carbons
solubility, such as for example, palmeate or stearate.

The term “solvate” 1s a complex or aggregate formed by
one or more molecules of a solute, e.g. a compound or a
pharmaceutically-acceptable salt thereof, and one or more
molecules of a solvent. Such solvates can be crystalline
solids having a substantially fixed molar ratio of solute and
solvent. Suitable solvents will be known by those of ordi-
nary skill i the art, e.g., water, ethanol.

The terms “bioactive” composition or “pharmaceutical”
composition as used herein may be used interchangeably.
Both terms refer to compositions that can be administered to
a subject. Bioactive or pharmaceutical compositions are
sometimes referred to herein as “pharmaceutical composi-
tions” or “bioactive compositions” of the current disclosure.
Sometimes the phrase “administration of Oxy133” 1s used
herein 1n the context of administration of this compound to
a subject (e.g., contacting the subject with the compound,
injecting the compound, administering the compound 1n a
drug depot, etc.). It 1s to be understood that the compound
for such a use can generally be 1n the form of a pharma-
ceutical composition or biocactive composition comprising
the Oxy133.

A “therapeutically effective amount” or “eflective
amount” 1s such that when administered, the oxysterol (e.g.,
Oxy133), sterol, diol, results 1n alteration of the biological
activity, such as, for example, enhancing bone growth, etc.
The dosage administered to a patient can be as single or
multiple doses depending upon a variety of factors, includ-
ing the drug’s administered pharmacokinetic properties, the
route ol administration, patient conditions and characteris-
tics (sex, age, body weight, health, size, etc.), and extent of
symptoms, concurrent treatments, frequency of treatment
and the effect desired. In some embodiments the formulation
1s designed for immediate release. In other embodiments the
formulation 1s designed for sustained release. In other
embodiments, the formulation comprises one or more 1mme-
diate release surfaces and one or more sustained release
surfaces.

A “depot” 1includes but 1s not limited to capsules, micro-
spheres, microparticles, microcapsules, microfibers par-
ticles, nanospheres, nanoparticles, coating, matrices, waters,
pills, pellets, emulsions, liposomes, micelles, gels, or other
pharmaceutical delivery compositions or a combination
thereof. Suitable materials for the depot are ideally pharma-
ceutically acceptable biodegradable and/or any bioabsorb-
able materials that are preferably FDA approved or GRAS
materials. These materials can be polymeric or non-poly-
meric, as well as synthetic or naturally occurring, or a
combination thereof.

The term “implantable” as utilized herein refers to a
biocompatible device (e.g., drug depot) retaining potential
for successiul placement within a mammal. The expression
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“1mplantable device” and expressions of the like import as
utilized herein refers to an object implantable through sur-
gery, injection, or other suitable means whose primary
function 1s achieved either through its physical presence or
mechanical properties.

“Localized” delivery includes delivery where one or more
drugs are deposited within a tissue, for example, a bone
cavity, or 1 close proximity (within about 0.1 cm, or
preferably within about 10 cm, for example) thereto. For
example, the drug dose delivered locally from the drug depot
may be, for example, 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 99%, 99.9% or 99.999% less than the
oral dosage or injectable dose.

The term “mammal” refers to organisms from the tax-
onomy class “mammalian,” including but not limited to
humans, other primates such as chimpanzees, apes, orang-
utans and monkeys, rats, mice, cats, dogs, cows, horses, etc.

The oxysterol can be “osteogenic,” where 1t can enhance
or accelerate the ingrowth of new bone tissue by one or more
mechanisms such as osteogenesis, osteoconduction and/or
osteoinduction.

New compositions and methods are provided to efliciently
and safely make oxysterols including Oxy133. Methods and
compositions that can efliciently and safely generate
Oxy133 are also provided.

The section headings below should not be restricted and
can be interchanged with other section headings.

Oxysterols

The present disclosure includes an osteogenic oxysterol

(e.g., Oxyl133), sterol, or diol and 1ts ability to promote

e

osteogenic differentiation 1n vitro. Oxy133 1s a particularly

ellective osteogenic agent. In various applications, Oxy133
1s uselul in treating conditions that would benefit from

localized stimulation of bone formation, such as, for

example, spinal fusion, fracture repair, bone regenerative/
tissue applications, augmentation of bone density in the jaw

tor dental 1implants, osteoporosis or the like. One particular

advantage of Oxy133 1s that 1t provides greater ease of

synthesis and improved time to fusion when compared to
other osteogenic oxysterols. Oxy133 is a small molecule that

can serve as an anabolic therapeutic agent for bone growth,

as well as a useful agent for treatment of a variety of other

conditions.

One aspect of the application disclosure 1s a compound,
named Oxy133, having the formula:

or
2, OH
Me
-lllllH
Me H .
H H
HO 2N
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OH
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-continued
OH

’Iffjt'.._

oitH

)

HO

m""“-
Ol

H

or a pharmaceutically acceptable salt, solvate or hydrate
thereof. The Oxy133 may be used as a bioactive or phar-
maceutical composition comprising Oxy133 or a pharma-
ceutically acceptable salt, solvate or hydrate thereof and a
pharmaceutically acceptable carrier.

Another aspect of the disclosure 1s a method for inducing
(stimulating, enhancing) a hedgehog (Hh) pathway mediated
response, 1n a cell or tissue, comprising contacting the cell
or tissue with a therapeutically effective amount of Oxy133.
The cell or tissue can be in vitro or 1 a subject, such as a
mammal. The hedgehog (Hh) pathway mediated response
involves the stimulation of osteoblastic differentiation,
osteomorphogenesis, and/or osteoproliferation: the stimula-
tion of hair growth and/or cartilage formation; the stimula-
tion of neovasculogenesis, e.g. angiogenesis, thereby
enhancing blood supply to ischemic tissues; or it 1s the
inhibition of adipocyte differentiation, adipocyte morpho-
genesis, and/or adipocyte proliferation; or the stimulation of
progenitor cells to undergo neurogenesis. The Hh mediated
response can comprise the regeneration of any of a variety
of types of tissues, for use in regenerative medicine. Another
aspect of the disclosure 1s a method for treating a subject
having a bone disorder, osteopenia, osteoporosis, or a bone
fracture, comprising administering to the subject an effective
amount of a bioactive composition or pharmaceutical com-
position comprising Oxyl133. The subject can be adminis-
tered the bioactive composition or pharmaceutical compo-
sition at a therapeutically eflective dose in an eflective
dosage form at a selected interval to, e.g., increase bone
mass, ameliorate symptoms of osteoporosis, reduce, elimi-
nate, prevent or treat atherosclerotic lesions, or the like. The
subject can be administered the bioactive composition or
pharmaceutical composition at a therapeutically effective
dose 1 an effective dosage form at a selected interval to
ameliorate the symptoms of osteoporosis. In some embodi-
ments, a composition comprising Oxy133 may include
mesenchymal stem cells to mnduce osteoblastic differentia-
tion of the cells at a targeted surgical area.

In various aspects, the Oxy133 can be administered to a
cell, tissue or organ by local administration. For example,
the Oxy133 can be applied locally with a cream or the like,
or 1t can be 1mjected or otherwise mtroduced directly into a
cell, tissue or organ, or 1t can be introduced with a suitable
medical device, such as a drug depot as discussed herein.

In some embodiments, the dosage of Oxy133, sterol, or
diol 1s from approximately 10 pg/day to approximately 80
mg/day. Additional dosages of Oxyl33, sterol, or diol
include from approximately 2.4 ng/day to approximately 50
mg/day; approximately 50 ng/day to approximately 2.5
mg/day; approximately 250 ng/day to approximately 250
mcg/day; approximately 250 ng/day to approximately 50
mcg/day; approximately 250 ng/day to approximately 25
mcg/day; approximately 250 ng/day to approximately 1
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mcg/day; approximately 300 ng/day to approximately 750
ng/day or approximately 0.50 mcg/day to 500 ng/day. In
vartous embodiments, the dose may be about 0.01 to
approximately 10 meg/day or approximately 1 ng/day to
about 120 mcg/day.

In addition to the compound Oxy133, sterol, or diol other
embodiments of the disclosure encompass any and all indi-
vidual stereoisomers at any of the stereocenters present in
Oxy133, mncluding diastereomers, racemates, enantiomers,
and other 1somers of the compound. In embodiments of the
disclosure, Oxy133, sterol, oxysterol, diol may include all
polymorphs, solvates or hydrates of the compound, such as
hydrates and those formed with organic solvents.

The ability to prepare salts depends on the acidity or
basicity of a compound. Suitable salts of the compound
include, but are not limited to, acid addition salts, such as
those made with hydrochloric, hydrobromic, hydroiodic,
perchloric, sulfuric, nitric, phosphoric, acetic, propionic,
glycolic, lactic pyruvic, malonic, succinic, maleic, fumaric,
malic, tartaric, citric, benzoic, carbonic cinnamic, mandelic,
methanesuliomic, ethanesulionic, hydroxyethanesulionic,
benzenesulfonic, p-toluene sulfonic, cyclohexanesulfamic,
salicyclic, p-aminosalicylic, 2-phenoxybenzoic, and 2-ac-
ctoxybenzoic acid; salts made with saccharin; alkali metal
salts, such as sodium and potassium salts; alkaline earth
metal salts, such as calcium and magnesium salts; and salts
formed with organic or mmorganic ligands, such as quaternary
ammonium salts. Additional suitable salts include, but are
not limited to, acetate, benzenesulfonate, benzoate, bicar-
bonate, bisulfate, bitartrate, borate, bromide, calcium ede-
tate, camsylate, carbonate, chloride, clavulanate, citrate,
dihydrochloride, edetate, edisylate, estolate, esylate,
fumarate, gluceptate, gluconate, glutamate, glycollylar-
sanilate, hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, 1odide, 1sothionate, lac-
tate, lactobionate, laurate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsuliate,
mucate, napsylate, nitrate, N-methylglucamine ammonium
salt, oleate, pamoate (embonate), palmitate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate, stear-
ate, sulfate, subacetate, succinate, tannate, tartrate, teoclate,
tosylate, triethiodide and valerate salts of the compounds.

In various embodiments, Oxy133, sterol, or diol includes
one or more biological functions. That 1s, Oxy133, sterol, or
diol can induce a biological response when contacted with a
mesenchymal stem cell or a bone marrow stromal cell. For
example, Oxy133, sterol, or diol may stimulate osteoblastic
differentiation. In some embodiments, a bioactive composi-
tion 1ncluding Oxy133 sterol, or diol may include one or
more biological functions when administered to a mamma-
lian cell, for example, a cell 1n vitro or a cell 1n a human or
an animal. For example, such a bioactive composition may
stimulate osteoblastic differentiation. In some embodiments,
such a biological function can arise from stimulation of the
hedgehog pathway.

Methods of Making Intermediary Diol

In some embodiments, the current disclosure provides a
method for the preparation of an intermediary diol used in
the production of Oxy133, as shown below. The diol may be
used to promote bone growth as well. Previous methods of
synthesis for Oxy133 produce were ineflicient and not
suitable for scale up manufacturing. Some stereoisomers of
Oxy133 perform less optimally than others. The disclosed
method 1s stereoselective and produces a high yield of the
specific 1someric form of the diol shown below, which has
been shown to produce an optimally effective 1someric form

of Oxy133.
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Disclosed are multiple embodiments of reactions to syn-
thesize the intermediary diol. The diol synthesized has the
TUPAC designation (3S,8S,95,10R,13R,14S,17R)-10,13-di1-
methyl-17-[(5)-2-hydroxyoctan-y1]-2,3,4,7,8,9,11,12,14,15,
16,17-dodecahydro-1H-cyclopentala]phenanthren-3-ol.

Generally, the method of synthesizing the diol includes
reacting pregnenolone, pregnenolone acetate or a preg-
nenolone derivative with an organometallic reagent to facili-
tate alkylation of the C17 position, as shown below:

Scheme 1
O
—
O
)‘\O
1
C3H340;
mw 358.51 g/m
Pregnenolone acetate
HO, §
‘ -un il H
1o X
2
C27H460
mw 402.67 g/m
Diol

In one embodiment, as shown above 1n scheme 1., preg-
nenolone acetate (formula 1) may be alkylated by an orga-
nometallic reagent to synthesize the intermediary diol,
shown above as formula 2. In some embodiments, preg-
nenolone acetate 1s reacted with a Grignard reagent to
tacilitate alkylation of the C17 position on the pregnenolone
acetate molecule. In some embodiments, n-hexylmagnesium
chloride 1s used as the organometallic reagent.
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Scheme 2

1" A
Pregnenolone
C21H320;
mw 316.48 g/m
o?” X
2
Cy7H460,
mw 402.67 g/m

In some embodiments, as shown above as scheme 2,
pregnenolone 1s reacted with a Grignard reagent such as
n-hexylmagnesium chloride to facilitate alkylation of the
C17 position of the pregnenolone molecule to form the
intermediary diol shown as formula 2.

The method of synthesizing the mmtermediary diol (for-
mula 2) or (3S,85,95,10R,13R,14S,17R)-10,13-dimethyl-
17-[(S)-2-hydroxyoctan-yl]-2,3,4,7,8,9,11,12,14,15,16,17/-
dodecahydro-1H-cyclopentala]phenanthren-3-ol 1S
stereoselective and produces a high vyield of the diol. For

example, in some embodiments, the yield of the desired
stereotsomer of the diol 1s between about 60% and about
70%. In some embodiments, the yield of the desired ste-
reoisomer of the diol 1s between about 50% and about 60%.
However, 1t 1s contemplated that the percent yield may be
higher or lower than these amounts. For example, the

percent yield of formula 2 as shown above may be about
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90% or 95%. In some embodiments,
the percent yield may be above 95%.

In various embodiments, the alkylation reaction 1s carried
out 1 a polar organic solvent, such as tetrahydrofuran.
However, the reaction may be carried out 1n a variety of
polar organic solvents. For example, the reaction may be
carried out in diethyl ether, ethyl ether, dimethyl ether or the
like.

In some embodiments, pregnenolone or pregnenolone
acetate 1s used as a starting reactant. However, 1in other
embodiments, derivatives ol pregnenolone acetate may be
used. For example, other specific examples of compounds
which could be used 1in the present disclosure include:
pregnenolone sulfate, pregnenolone phosphate, preg-
nenolone formate, pregnenolone hemioxalate, pregnenolone
hemimalonate, pregnenolone hemiglutarate, 20-oxopregn-5-
en-33-yl carboxymethyl ether, 33-hydroxypregn-3-en-20-
one sulfate, 3-hydroxy-19-norpregna-1,3,5(10)-trien-20-
one, 3-hydroxy-19-norpregna-1,3,5(10),6,8-pentaen-20-
one, 17a-1sopregnenolone sulfate, 17-acetoxypregnenolone
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sulfate, 21-hydroxypregnenolone sulfate, 20p3-acetoxy-3[3-
hydroxypregn-5-ene-sulfate, pregnenolone sulfate 20-ethyl-
encketal, pregnenolone sulfate 20-carboxymethyloxime,
20-deoxypregnenolone sulfate, 21-acetoxy-17-hydroxy-
pregnenolone sulfate, 17-propyloxypregnenolone sulfate,
1'7-butyloxypregnenolone sulfate, 21-thiol esters of preg-
nenolone sulfate, pyridinium, imidazolium, 6-methylpreg-
nenolone sulfate, 6,16a-dimethylpregnenolone sulfate,
33-hydroxy-6-methylpregna-5,16-dien-20-one sulfate,
33-hydroxy-6,16-dimethylpregna-5,16-dien-20-one suliate,
31p-hydroxypregna-5,16-dien-20-one sulfate, diosgenin sul-
fate, 30-hydroxyandrost-5-en-17f-carboxylic acid methyl
ester sulfate, 3o hydroxy-5p-pregnan-20-one formate,
3a-hydroxy-5p-pregnan-20-one hemioxalate, 3a-hydroxy-
Sp-pregnan-20-one hemimalonate, 3a-hydroxy-5f-preg-
nan-20-one hemisuccinate, 3o.-hydroxy-5p-pregnan-20-one
hemiglutarate, estradiol-3-formate, estradiol-3-hemioxalate,
estradiol-3-hemimalonate, estradiol-3-hemisuccinate, estra-
diol-3-hemiglutarate, estradiol-17-methyl ether, estradiol-
1 7-formate, estradiol-17-hemioxalate, estradiol-17-hemima-
lonate, estradiol-17-hemisuccinate, estradiol-17-
hemiglutarate, estradiol-3-methyl ether, 17-deoxyestrone,
and 17p-hydroxyestra-1,3,5(10)-trien-3-yl carboxymethyl
cther.

In some embodiments, the organometallic comprises
n-hexylmagnesium chloride. However, in some embodi-
ments, the alkylation reaction may be carried out with the
use of an alkyllithium, such as, for example, n-hexyllithium.
In various embodiments, the organometallic includes an
alkyl halide. For example, the organometallic reagent may
have the following formula:

R Mg X,

where Mg comprises magnesium, X comprises chlorine,
bromine, fluorine, 10odine, or astatine and R comprises an
alkyl, a heteroalkyl, an alkanyl, a heteroalkanyl, an alkenyl,
a heteroalkenyl, an alkynyl, a heteroalkanyl, an alkyldiyl, a
heteroalkyldiyl, an alkyleno, a heteroalkyleno, an aryl, an
aryldiyl, an arydeno, an arylaryl, a biaryl, an arylalkyl, a
heteroaryl, a heteroaryldiyl, a heteroaryleno, a heteroaryl-
heteroaryl, a biheteroaryl, a heteroarylalkyl or combinations
thereof. In some embodiments, the R substituent comprises
a (C1-C20) alkyl or heteroalkyl, a (C,-C,,) aryl or het-
croaryl, a (C,-C,) arylalkyl or heteroalkyl and a (Cs-C,,)
arylalkyl or heteroaryl-heteroalkyl, a (C,-C,,) alkyldiyl or
heteroalkyldiyl, or a (C,-C,,) alkyleno or heteroalkyleno.
The R substituent may be cyclic or acyclic, branched or
unbranched, substituted or unsubstituted, aromatic, satu-
rated or unsaturated chains, or combinations thereof. In
some embodiments, the R substituent 1s an aliphatic group.
In some embodiments, the R substituent 1s a cyclic group. In
some embodiments, the R substituent 1s a hexyl group.

Alternatively, the organometallic may comprise the for-
mula:

R—Li,

where L1 comprises lithium and R comprises an alkyl, a
heteroalkyl, an alkanyl, a heteroalkanyl, an alkenyl, a het-
croalkenyl, an alkynyl, a heteroalkanyl, an alkyldiyl, a
heteroalkyldiyl, an alkyleno, a heteroalkyleno, an aryl, an
aryldiyl, an arydeno, an arylaryl, a biaryl, an arylalkyl, a
heteroaryl, a heteroaryldiyl, a heteroaryleno, a heteroaryl-
heteroaryl, a biheteroaryl, a heteroarylalkyl or combinations
thereof. In some embodiments, the R substituent comprises
a (C,-C,,) alkyl or heteroalkyl, a (C,-C,,) aryl or heteroaryl,
a (C,-C, ) arylalkyl or heteroalkyl and a (C.-C,,) arylalkyl
or heteroaryl-heteroalkyl, a (C,-C,,) alkyldiyl or heteroal-
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kyldiyl, or a (C,-C,,) alkyleno or heteroalkyleno. The R
substituent may be cyclic or acyclic, branched or
unbranched, substituted or unsubstituted, aromatic, satu-
rated or unsaturated chains, or combinations thereof. In
some embodiments, the R substituent 1s an aliphatic group.
In some embodiments, the R substituent 1s a cyclic group. In
some embodiments, the R substituent 1s a hexyl group.

In some embodiments, the alkylation reaction 1s exother-
mic and the reaction vessel may be temperature controlled to
maintain optimal reaction kinetics. In some embodiments,
the exothermic reaction releases about 1000 BTU per pound
of solution. Due to the strongly exothermic nature of the
reaction, the Grignard reagent therefore must be added
slowly so that volatile components, for example ethers, are
not vaporized due to the reaction heat. In some embodi-
ments, the reaction vessel may be cooled by internal cooling
coils. The cooling coils may be supplied with a coolant by
means of an external gas/liquid refrigeration unit. In some
embodiments, an 1internal temperature of the reaction vessel
1s maintained at less than 15° C., 10° C., 5° C. or 1° C. In
some embodiments, the reaction vessel 1s maintained at
about 0° C. during the alkylation reaction to form the
intermediary diol of formula 2.

In various embodiments, the diol of formula 2 1s synthe-
sized along with byproducts and can be punfied. For
example, the resulting diol of formula 2 may be a byproduct
of a diastereomeric mixture. In various embodiments, the
diol of formula 2 may be 1solated and purified. That 1s, the
diol of formula 2 can be 1solated and purified to the desired
purity, e.g., from about 95% to about 99.9% by filtration,
centrifugation, distillation, which separates volatile liquids
on the basis of their relative volatilities, crystallization,
recrystallization, evaporation to remove volatile liquids
from non-volatile solutes, solvent extraction to remove
impurities, dissolving the composition in a solvent in which
other components are soluble therein or other purification
methods. The diol may be purified by contacting it with
organic and/or morganic solvents, for example, THF, water,
diethyl ether, dichloromethane, ethyl acetate, acetone, n,n-
dimethylformamide, acetonitrile, dimethyl sulfoxide,
ammonia, t-butanol, n-propanol, ethanol, methanol, acetic
acid, or a combination thereof.

In various embodiments, the alkylation step and the
purification step take place in the same reaction vessel.

In some embodiments, the diol 1s quenched with aqueous
ammonium chlonide or acetic acid to reduce the amount of
anmions present and neutralize the reaction and separated
from the resulting organic layer. The separated residue 1s
recovered by evaporation and purified by silica gel column
chromatography.

The diol may be anhydrous or in the monohydrate form.
However, 1n other embodiments the purified diol may be
crystallized in other hydrous forms, such as, for example, a
dihydrate, a hemihydrate, a sesquihydrate, a trihydrate, a
tetrahydrate and the like, as well as the corresponding
solvated forms. In other embodiments, the purified diol 1s
crystallized as a co-crystal or a pharmaceutically acceptable
salt.

Methods of Making Oxy133

In some embodiments, the current disclosure provides a
method for the preparation of an Oxy133, as shown below.
Previous methods of synthesis for Oxy133 produce diaste-
reomeric mixtures of Oxy133 intermediates which require
purification methods to separate. As discussed above to form
the intermediary diol, the disclosed method is stereoselec-
tive and produces a high yield of the specific 1someric forms

of Oxy133. The formula of Oxy133 i1s shown below.
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Disclosed are multiple embodiments of reactions to syn-
thesize Oxyl133. Oxy133 has the IUPAC designation (35,
3S,6S,8R,9S,10R,138,14S5,175)-17-((5)-2-hydroxyoctan-2-
y1)-10,13-dimethylhexadecahydro-1H-cyclopenta[a]
phenanthrene-3,6-diol. Oxyl133 has previously been
synthesized through a complex process not suitable for
scale-up as shown below:

Scheme 3

HO

\_\

OH
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-continued

24

-continued

TBAF,
THF

70%

OXY133

However, the reaction has difliculty being carried out 1n a
single container. The reaction shown above involves more
reagents to carry out reaction steps (e.g., blocking and
deprotection groups and steps) which have an adverse
environmental impact. Additionally, the known methods
involve reagents that are expensive and often diflicult to
obtain. Further, the method shown in Scheme 3 gives
relatively low vields, has more degradation products, impu-
rities and creates many toxic byproducts.

Generally, the method of synthesizing Oxy133 as dis-
closed herein includes reacting the diol synthesized as
described herein with borane 1n the reaction shown below:

Scheme 4

2
Co7H4607
mw 402.67 g/m
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Oxy 133 Crude

Cy7H4803
mw 420.67 g/m

In some embodiments, crude and unpurified Oxy133 1s
produced through a hydroboration and oxidation reaction of
the mtermediary diol having formula 2 in reaction scheme 4.
Borane compounds that can be used 1n the reaction include
BH,, B,H,, BH,S(CH,), (BMS), borane adducts with phos-
phines and amines, €.g., borane triethylamine; monosubsti-
tuted boranes of the form RBH2 where R=alkyl and halide,

monoalkyl boranes (e.g., IpcBH2, monoisopinocampheyl-
borane), monobromo- and monochloro-borane, complexes
of monochloroborane and 1,4-dioxane, disubstituted
boranes including bulky boranes, such as for example,
dialkylborane compounds such as diethylborane, bis-3-
methyl-2-butylborane (disiamylborane), 9-borabycyclo[3,3,
1 Jnonane (9-BBN), distamylborane (S1a2BH), dicyclohex-
ylborane, Chx2BH, trialkylboranes,
dialkylhalogenoboranes, dimesitylborane (C.H,Me,),BH,
alkenylboranes, pinacolborane, or catecholborane or a com-
bination thereof.

Briefly, a hydroboration and oxidation reaction 1s a two-
step reaction. The boron and hydrogen add across the double
bond of an alkene to form a complex with the alkene. Thus
the boration phase of the reaction 1s stereoselective and
regioselective. The oxidation phase of the reaction 1nvolves
basic aqueous hydrogen peroxide to furnish a hydroxyl
substituent 1n place of the boron. See Vollhart, K P, Schore,
N E, 2007, Organic Chemistry: Structure and Function, Fitth
Ed., New York, N.Y., Custom Publishing Company. Thus,

the intermediary diol having formula 2 1s reacted with
borane and hydrogen peroxide to form crude Oxy133. In
some embodiments, the step of forming crude Oxy133 takes
place 1 the same reaction vessel as the alkylation reaction.
In other embodiments, the step of forming crude Oxy133
takes place i a different reaction vessel as the alkylation
reaction.

The hydroboration-oxidation step of the synthesis of
Oxy133, like the step of forming the intermediary diol, 1s
stereoselective and produces a high vield. For example, 1n
some embodiments, the percent yield of crude Oxy133 may
be higher or lower than these amounts. For example, the
percent vield of formula 2 as shown above may be about
20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90% or 95%. In some embodiments,
the percent yvield may be above 95%.

In various embodiments, the hydroboration-oxidation
reaction 1s carried out 1n a polar organic solvent, such as
tetrahydrofuran. However, the reaction may be carried out in
a variety of polar organic solvents. For example, the reaction
may be carried out in diethyl ether, ethyl ether, dimethyl
cther or the like.
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In some embodiments, the hydroboration-oxidation reac-
tion 1s exothermic and the reaction vessel must be tempera-
ture controlled to maintain optimal reaction kinetics. Spe-
cifically, the oxidation phase 1s extremely exothermic. Due
to the strongly exothermic nature of the reaction, the hydro-
gen peroxide therefore can be added slowly so that volatile
components, for example ethers, are not vaporized due to the
reaction heat. In some embodiments, the reaction vessel may
be cooled by 1nternal cooling coils. The cooling coils may be
supplied with a coolant by means of an external gas/liquid
refrigeration unit. In some embodiments, an internal tem-
perature of the reaction vessel 1s maintained at less than 10°
C., 5°C., P°C. or 0° C. In some embodiments, the reaction

vessel 1s maintained at about —5° C. during the hydrobora-
tion-oxidation reaction.

In certain embodiments the diol can have a percent
crystallinity of a salt, hydrate, solvate or crystalline form of
diol to be at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least, 60%, at least 70%, at least 80%,
at least 90%, at least 95%, or at least 99%. In some
embodiments, the percent crystallinity can be substantially
100%, where substantially 100% indicates that the entire
amount of diol appears to be crystalline as best can be
determined using methods known 1n the art. Accordingly,
therapeutically effective amounts of diol can 1include
amounts that vary in crystallinity. These include instances
where an amount of the crystallized diol 1n a solid form 1s
subsequently dissolved, partially dissolved, or suspended or
dispersed 1n a liquid.

Purification of Oxy133

In some embodiments, the crude Oxy133 must be sepa-
rated from the reaction mixture prior to purification. In some
embodiments, an organic solvent such as dichloromethane 1s
added to the crude Oxy133 reaction mixture and the result-
ing organic layer 1s separated. Once separated, the crude
Oxyl133 exists as a semi-solid viscous mass. The crude
Oxy133 may be dissolved by any suitable means (e.g.,
dichloromethane, etc.) and placed into a silica gel column
with an organic solvent, such as methanol-ethyl acetate, to
solvate the crude Oxy133. In some embodiments, the crude
Oxy133 may be crystallized or recrystallized. In some
embodiments, purified Oxy133 1s formed by recrystallizing
the crude Oxy133 1 a 3:1 mixture of acetone/water, as
shown below:

Scheme 5

Acetone,
Water
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-continued
OH
ff!l:;,,_
‘ il ]| H
H - H
™~ O..-/
HO E
i
OH
Cy7Hy0; B H50
mw 438.69 g/m

As shown above, upon crystallization, the purified
Oxy133 forms a hydrate. However, it can be in the anhy-
drous form. In some embodiments, the percent crystallinity
of any of the crystalline forms of Oxy133 described herein
can vary with respect to the total amount of Oxy133.

In certain embodiments the Oxy133 can have a percent
crystallinity of a salt, hydrate, solvate or crystalline form of
Oxy133 to be at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least, 60%, at least 70%, at least 80%,
at least 90%, at least 95%, or at least 99%. In some
embodiments, the percent crystallinity can be substantially
100%, where substantially 100% indicates that the entire
amount of Oxy133 appears to be crystalline as best can be
determined using methods known 1n the art. Accordingly,
therapeutically efiective amounts of Oxyl33 can include
amounts that vary in crystallinity. These include instances
where an amount of the crystallized Oxy133 1n a solid form
1s subsequently dissolved, partially dissolved, or suspended
or dispersed 1n a liquid.

In one embodiment, the purified Oxy133 1s crystallized as
a monohydrate. However, in other embodiments the purified
Oxy133 may be crystallized 1n other hydrous forms, such as,
for example, a dihydrate, a hemihydrate, a sesquihydrate, a
trihydrate, a tetrahydrate and the like, as well as the corre-
sponding solvated forms. In other embodiments, the purified
Oxy133 1s crystallized as a co-crystal or a pharmaceutically
acceptable salt.

In some embodiments, the reaction mixture containing the
crude Oxy133 may be solidified by mixing with heptanes.
The product may subsequently be filtered and suspended 1n
methylene chlonde. In some embodiments, the crude
Oxy133 may be filtered from the suspension and crystallized
with the use of acetone and water or other organic or
inorganic solvents (e.g., diethyl ether, dichloromethane,
cthyl acetate, acetone, n,n-dimethylformamide, acetonitrile,
dimethyl sulfoxide, ammonia, t-butanol, n-propanol, etha-
nol, methanol, acetic acid or a combination thereot).

In various embodiments, the crude Oxy133 may be 1s0-
lated and purified by any other traditional means. That 1s, the
crude Oxy133 can be isolated and purified to the desired
purity, e.g., from about 95% to about 99.9% by filtration,
centrifugation, distillation to separate volatile liquids on the
basis of their relative volatilities, crystallization, recrystal-
lization, evaporation to remove volatile liquids from non-
volatile solutes, solvent extraction to remove impurities,
dissolving the composition 1n a solvent in which other
components are soluble therein or other purification meth-
ods. In various embodiments, the hydroboration-oxidation
step and the purification step take place in the same reaction
vessel. In various embodiments, the alkylation step, the
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hydroboration-oxidation step and the purification step take
place 1n the same reaction vessel.

The method of synthesizing the mntermediary diol (for-
mula 2) 1s stereoselective and produces a high yield of
Oxy133. For example, 1n some embodiments, the yield of
the purified Oxy133 1s between about 20% and about 99%.
In some embodiments, the yield of the purified Oxy133 is
between about 20% and about 80%. In some embodiments,
the yield of the purified Oxy133 1s between about 25% and
about 70% or about 28%. However, 1t 1s contemplated that
the percent yield may be higher or lower than these amounts.

In some embodiments, the purified Oxy133 1s formed in
crystal form via crystallization, which separates the Oxy133
from the liquid feed stream by cooling the liquid feed stream
or adding precipitants which lower the solubility of byprod-
ucts and unused reactants 1n the reaction mixture so that the
Oxy133 forms crystals. In some embodiments, the solid
crystals are then separated from the remaining liquor by
filtration or centrifugation. The crystals can be resolubilized
in a solvent and then recrystallized and the crystals are then
separated from the remaiming liquor by filtration or centrifu-
gation to obtain a highly pure sample of Oxyl133. In some
embodiments, the crystals can then be granulated to the
desired particle size.

In some embodiments, the purity of the Oxy133 obtained
1s verified through nuclear magnetic resonance or mass
spectroscopy. As shown 1n FIGS. 2-5, 1H NMR, 13C NMR,
infrared spectroscopy, and mass spectroscopy analysis indi-
cated that the Oxy133 product had high purity (e.g., having
98% to about 99.99% by weight punity).

In some embodiments, the crude Oxy133 can be purified
where the purified Oxy133 1s formed in crystallized form in
a solvent and then removed from the solvent to form a high
purity Oxy133 having a purity of from about 98% to about
99.99%. In some embodiments, the Oxy133 can be recov-
ered via filtration or vacuum filtration before or after puri-
fication.

Use of Oxysterols

In use, Oxy133 provides therapeutic treatment for bone
conditions. Oxy133 facilitates bone formation, osteoblastic
differentiation, osteomorphogenesis and/or osteoprolifera-
tion. Treatment can be administered to treat open fractures
and fractures at high risk of non-union, and in subjects with
spinal disorders. That 1s, Oxy133 can induce spinal fusion
and may help treat degenerative disc disease or arthritis
allecting the lumbar or cervical vertebrae.

Mesenchymal stem cells treated with Oxy133 have been
shown to have increased osteoblast differentiation. Thus, 1n
some embodiments, Oxy133 may be implanted into a spinal
site with mesenchymal stem cells to induce bone growth
through osteoblast differentiation. Periosteum tissue 1s one
tissue type that 1s involved early during normal bone fracture
repair process and can recruit various cell types (e.g.,
mesenchymal stem cells) and bone growth factors necessary
for bone fracture repair. Thus, 1n some embodiments, perios-
teum tissue 1s utilized as a source of mesenchymal stem cells
and/or growth factors in a demineralized bone composition.

In some embodiments, the Oxy133 may be implanted or
injected directly to a surgical site on a patient. In some
embodiments, the Oxy133 obtained from the methods delin-
cated above 1s 1 the form of a depot. In various embodi-
ments, a plurality of depots (e.g., pellets) can be adminis-
tered to a surgical site. In some embodiments, a plurality of
depots are provided (e.g., in a kit) and administered to a
surgical site and triangulate and/or surround the site needed
for bone growth. In various embodiments, a plurality of
depots comprise about 1, 2, 3,4, 5, 6,7, 8, 9 or 10 depots.
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In some embodiments, a plasticizer 1s used to lower glass
translation temperature 1n order to aflect stability of the
device.

In various embodiments, the depot comprises Oxy133,
sterol, or diol and a biodegradable polymer 1n amorphous,
crystalline or semicrystalline form; where the crystalline
form may include polymorphs, solvates or hydrates.

In some embodiments, Oxy133, sterol, or diol 1s admin-
istered 1n a device that 1s solid or in semi-solid form. The
solid or semi-solid form of the device may have a pre-dosed
viscosity 1n the range of about 1 to about 2000 centipoise
(cps), 1 to about 200 cps, or 1 to about 100 cps. After the
solid or semi-solid device 1s administered to the target site,
the viscosity of the semi-solid or solid depot will increase
and the semi-solid will have a modulus of elasticity in the
range of about 1x10” to about 6x10° dynes/cm?, or 2x10* to
about 5x10° dynes/cm?, or 5x10* to about 5x10° dynes/cm”.

In various embodiments, the semi-solid or solid depot
may comprise a polymer having a molecular weight (MW),
as shown by the mherent viscosity, from about 0.10 dL/g to
about 1.2 dLL/g or from about 0.20 dL/g to about 0.50 dL/g.
Other IV ranges include but are not limited to about 0.05 to
about 0.15 dL/g, about 0.10 to about 0.20 dL/g, about 0.15
to about 0.25 dL/g, about 0.20 to about 0.30 dL/g, about 0.25
to about 0.35 dL/g, about 0.30 to about 0.35 dL/g, about 0.35
to about 0.45 dL/g, about 0.40 to about 0.45 dL/g, about 0.45
to about 0.55 dL/g, about 0.50 to about 0.70 dL/g, about 0.55
to about 0.6 dL/g, about 0.60 to about 0.80 dLL/g, about 0.70
to about 0.90 dL/g, about 0.80 to about 1.00 dL/g, about 0.90
to about 1.10 dL/g, about 1.0 to about 1.2 dL/g, about 1.1 to
about 1.3 dL/g, about 1.2 to about 1.4 dL/g, about 1.3 to
about 1.5 dug, about 1.4 to about 1.6 dL/g, about 1.5 to about
1.7 dL/g, about 1.6 to about 1.8 dL/g, about 1.7 to about 1.9
dL/g, or about 1.8 to about 2.1 dL/g.

In some embodiments, the depot may not be fully biode-
gradable. For example, the device may comprise polyure-
thane, polyurea, polyether(amide), PEBA, thermoplastic
clastomeric olefin, copolyester, and styrenic thermoplastic
elastomer, steel, aluminum, stainless steel, titanium, metal
alloys with high non-ferrous metal content and a low relative
proportion ol 1ron, carbon device, glass device, plastics,
ceramics, methacrylates, poly (N-1sopropylacrylamide),
PEO-PPO-PEO (pluronics) or combinations thereof. Typi-
cally, these types of matrices may need to be removed after
a certain amount of time.

In various embodiments, the depot (e.g., device) may
comprise a bioerodible, a bioabsorbable, and/or a biodegrad-
able biopolymer that may provide immediate release, or
sustained release of the Oxyl133. Examples of suitable
sustained release biopolymers include but are not limited to
poly (alpha-hydroxy acids), poly (lactide-co-glycolide)
(PLGA), polylactide (PLA), polyglycolide (PG), polyethyl-
ene glycol (PEG) conjugates of poly (alpha-hydroxy acids),
poly(orthoester)s (POE), poly(esteramide)s, polyaspirins,
polyphosphagenes, starch, pre-gelatinized starch, hyaluronic
acid, chitosans, gelatin, alginates, albumin, fibrin, vitamin E
compounds, such as alpha tocopheryl acetate, d-alpha
tocopheryl succinate, D,L-lactide, or L-lactide-caprolac-
tone, dextrans, vinylpyrrolidone, polyvinyl alcohol (PVA),
PVA-g-PLGA, PEGT-PBT copolymer (polyactive), PEO-
PPO-PAA copolymers, PLGA-PEO-PLGA, PEG-PLG,
PLA-PLGA, poloxamer 407. PEG-PLGA-PEG ftriblock
copolymers, SAIB (sucrose acetate 1sobutyrate) or combi-
nations thereof.

In some embodiments, the depot comprises biodegradable
polymers comprising wherein the at least one biodegradable
polymer comprises one or more ol poly(lactide-co-gly-
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colide) (PLGA), polylactide (PLA), polyglycolide (PGA),
D-lactide, D,L-lactide, L-lactide, D,L-lactide-co-g-caprolac-
tone, L-lactide-co-g-caprolactone, D,L-lactide-co-glycolide-
co-e-caprolactone, poly(D,L-lactide-co-caprolactone), poly
(L-lactide-co-caprolactone), poly(D-lactide-co-
caprolactone), poly(D,L-lactide), poly(D-lactide), poly(L-
lactide), poly(esteramide) or a combination thereof.

In some embodiments, the depot comprises at least one
biodegradable material in a wt % of about 99.5%, 99%,
98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%., 89%,
88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 79%,
718%, 76%, 75%, 74%, 73%, 72%, 71%, 70%, 65%, 60%,
55%, 50%, 45%, 35%, 25%, 20%, 15%, 10%, or 3% based
on the total weight of the depot and the remainder 1s active
and/or 1nactive pharmaceutical ingredients.

Mannitol, trehalose, dextran, mPEG and/or PEG may be
used as a plasticizer for the polymer. In some embodiments,
the polymer and/or plasticizer may also be coated on the
depot to provide the desired release profile. In some embodi-
ments, the coating thickness may be thin, for example, from

about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 microns to
thicker coatings 60, 65, 70, 73, 80, 85, 90, 95, 100 microns
to delay release of the Oxy133, sterol, or diol from the depot
(c.g., device). In some embodiments, the range of the
coating on the depot ranges from about 5 microns to about
250 microns or 5 microns to about 200 microns to delay
release from the device.

The depot (e.g., device) can be diflerent sizes, shapes and
configurations. There are several factors that can be taken
into consideration 1n determining the size, shape and con-
figuration of the depot. For example, both the size and shape
may allow for ease 1n positioning the depot at the target
tissue site that 1s selected as the implantation. In addition, the
shape and size of the system should be selected so as to
mimmize or prevent the depot from moving after implan-
tation. In various embodiments, the depot can be shaped like
a rod or a flat surface such as a film or sheet (e.g.,
ribbon-like) or the like. Flexibility may be a consideration so
as to facilitate placement of the device.

Radiographic markers can be included on the device to

permit the user to position the depot (e.g., device) accurately
into the target site of the patient. These radiographic markers
will also permit the user to track movement and degradation
of the depot (e.g., device) at the site over time. In this
embodiment, the user may accurately position the depot
(e.g., device) 1n the site using any of the numerous diag-
nostic 1maging procedures. Such diagnostic imaging proce-
dures include, for example, X-ray imaging or fluoroscopy.
Examples of such radiographic markers include, but are not
limited to, barium, phosphate, bismuth, 10dine, tantalum,
tungsten, and/or metal beads or particles. In various embodi-
ments, the radiographic marker could be a spherical shape or
a ring around the depot (e.g., device).

In some embodiments, the Oxy133, sterol, or diol can be
administered to the target site using a “cannula™ or “needle”
that can be a part of a delivery device e.g., a syringe, a gun
delivery device, or any medical device suitable for the
application of Oxy133, sterol, or diol to a targeted organ or
anatomic region. The cannula or needle of the device is
designed to cause mimmal physical and psychological
trauma to the patient.

In some embodiments, the depot can be sutured to a target
tissue site using a suturing needle. The dimensions of the
needle, among other things, will depend on the site for
implantation. For example, the width of the muscle planes 1n
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different surgical procedures can vary from 1-40 cm. Thus,
the needle, 1n various embodiments, can be designed for
these specific areas.

These and other aspects of the present application will be
turther appreciated upon consideration of the following
Examples, which are intended to illustrate certain particular
embodiments of the application but are not intended to limat
its scope, as defined by the claims.

EXAMPLES

Example 1

Preparation from Pregnenolone Acetate

8.25 mL n-hexylmagnesium chloride (2 M, 16.5 mmol) in
THF was added to a solution of pregnenolone acetate in THF
under vigorous electromagnetic stirring and ice bath cool-
ing. The pregnenolone acetate solution contained 1.79 g
compound 1, pregnenolone acetate, (5 mmol) 1n 4.5 mL
THEF. The addition took place over 2 minutes. After addition
was completed, the mixture was stirred at room temperature
for 3.5 hours, at which point the mixture had turned to a gel.
The gel was then digested with a mixture of saturated
aqueous NH,Cl and MTBE (methyl tertiary-butyl ether).
The organic layer was separated, washed with water three
times and evaporated. The residue was separated by silica
gel column chromatography using an EtOAc (ethyl acetate)/
petroleum ether mixture (ratio 70/30) to give compound 2,
a diol, as a white solid. 1.29 g (3.21 mmol) of the solid diol
was extracted for a 64% isolated yield. The reaction 1s
shown below 1n A:

n-Hexylmagnesiumchloride,

THF

-

O

A

1
Ca3H3403
mw 358.51 g/m

HO/

2

C27H4602
mw 402.67 g/m

The "H NMR data of the diol in CDCIl, at 400 MHz
illustrated the following: o: 0.8-1.9 (40H), 1.98 (m, 1H),
2.09 (m, 1H), 2.23 (m, 1H), 2.29 (m, 1H), 3.52 (m, 1H), 5.35
(m, 1H) in FIG. 6. The °C NMR data of the diol in CDCI,
at 100 MHz 1n FIG. 7 illustrated the following: d: 13.6, 14.1,
19.4,20.9,22.4,22.6,23.8,24.2,26.4,30.0,31.3,31.6,31.8,
31.9,36.5,37.3,40.1,42.3,42.6,44.0,50.1,56.9,57.6,71.7,
75.2, 121.6, 140.8.
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The diol created has an IUPAC name of (3S,85,95,10R,
13R,145,17R)-10,13-dimethyl-17-[(S)-2-hydroxyoctan-vyl]-
2,3,4,7.8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta
|a]phenanthren-3-ol.

Example 2

Preparation from Pregnenolone

Alternatively to Example 1, compound 2 of reaction
scheme A above can be prepared from pregnenolone shown
below 1n B utilizing the same procedure as utilized for the
conversion of compound 1 to compound 2. In this procedure
10 g of pregnenolone was converted to 7.05 g of compound
2, which accounted for a 55% yield.

Reaction Scheme B

O

n-Hexylmagnesiumchloride,
THF

T

HO

Pregnenolone
C21H320,
mw 316.48 g/m

2

Co7H460,
mw 402.67 g/m

2500 mL of n-hexylmagnesium chloride (2 M, 5 mol) was
charged to a reactor and the solution was cooled to -5° C.
A solution of pregnenolone acetate in THF was charged to
the reactor at a rate which maintained the internal reaction
temperature below 1° C. The pregnenolone solution con-
tained 500 g pregnenolone (1.4 mol) 1n 8 liters THE. After
the addition was complete, the mixture was held at 0° C. for
1 hour then allowed to warm to room temperature overnight.
The reaction mixture had become a solid, gelatinous mass.
2 liters of additional THF was added followed by 10 ml of
glacial acetic acid. The reaction mixture was cooled to 5° C.
and quenched by the addition of 350 ml of glacial acetic acid
which gave a solution. The reaction mixture was concen-
trated under reduced pressure to a thick syrup. The com-
pound was dissolved in dichloromethane, washed with water
and finally washed with saturated sodium bicarbonate. The
organic layer was concentrated under reduced pressure to an

amber o1l. Mass recovery was about 800 grams. The crude
material was utilized as 1s 1n the next step.

The diol created has an IUPAC name of (35,85,95,10R,
13R,145,17R)-10,13-dimethyl-17-[(S)-2-hydroxyoctan-yl]-
2,3,4,7.8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta
|a]phenanthren-3-ol.
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Example 3

The crude hexyl diol product (800 grams) was dissolved

in 8 liters of THF, charged to a reactor, and was cooled to -5°
C. 6300 mL of borane-THF complex (1 M, 6.3 moles, 4.5
equivalents) in THF was charged at a rate which maintained
the internal reaction temperature below 1° C. Once the
addition was complete, the reaction mixture was stirred at 0°
C. for 1.5 hours then allowed to warm to room temperature
overnight. The reaction 1s shown below.

1. BH;*THF, THF
2. H,0,, NaOH

-

2

C27H4602
mw 402.67 g/m

OH

f"'l;.'.

HO

OH
Oxy 133 Crude

Cy7H4805
mw 420.67 g/m

The reaction mixture was quenched by addition of a
mixture of 10% sodium hydroxide (4750 mL) and 30%
hydrogen peroxide (1375 mL). The quench was extremely
exothermic and required several hours to complete. The
internal temperature was maintained below 10° C. After the
addition of the quench volume was complete, the mixture
was held cold for 1.5 hours then allowed to warm to room
temperature overnight. 8 liters of dichloromethane was then
added. The organic layer was 1solated and washed with 7
liters of fresh water, and was concentrated under reduced
pressure. The product was 1solated as a viscous, oi1ly mass
which solidified on standing.

The product was dissolved in 4 liters of dichloromethane
and was placed onto a silica gel column prepared in dichlo-
romethane. The column was eluted first with 25% ethyl
acetate to elute the 7-methyl-7-tridecyl alcohol by-product.
Subsequently, the column was eluted with 10% methanol-
cthyl acetate to solvate the Oxy133. The collected fractions
were combined and concentrated under reduced pressure to
a waxy solid. The compound was dissolved 1n acetone-water
mixture (3:1) and concentrated under reduced pressure to
remove residual solvents. The resulting crude Oxy33 was
utilized 1n the next step.

Alternatively, the viscous product recovered from the
hydroboration/oxidation can be solidified by stirring with
heptanes, and the product 1solated by filtration. The i1solated
product 1s suspended in methylene chloride (7.3 mL meth-
ylene chloride/g solid). The product was 1solated by filtra-
tion and used as-1s in the next step.
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Example 4

Acetone,

Water
-

HO

s NI LT

OH
Oxy 133 Crude
Cr7H4503
mw 420.67 g/m

HO/

OH
Cy7H4eO; W H>O
mw 438.69 g/m

Oxy133 was recrystallized by dissolving 630 grams of
crude oxy133 mto 1500 ml of a 3:1 acetone/water mixture
at retlux, then cooling to room temperature. The crystalline

[

solid was recovered by vacuum filtration and dried to atiord
336 g, which was a 28% overall yield from compound 1. The
Oxy133 produced was monohydrous, and has an IUPAC
name of (3S,5S,65,8R,9S5,10R,135,145,17S)-17-((S)-2-hy-
droxyoctan-2-y1)-10,13-dimethylhexadecahydro-1H-cyclo-
pentala]phenanthrene-3,6-diol, monohydrate.

The 'H NMR data of Oxy133 in CDCI, at 400 MHz
illustrated the following: o: 0.66 (m, 1H), 0.85 (m, 10H),
1.23 (m, 18H), 1.47 (m, 9H), 1.68 (m, 4H), 1.81 (m, 1H),
1.99 (m, 1H), 2.06 (m, 1H), 2.18 (m, 1H), 3.42 (m, 1H), 3.58
(m, 1H). The "*C NMR data of Oxy33 in CDCI, at 400 MHz
illustrated the following: d: 13.7, 14.0, 14.3,21.2, 22.5, 22.8,
23.9,24.4,26.6,30.1,31.1,32.1,32.5,33.9,36.5,37.5,40.4,
41.7,43.1,44.3,51.9,53.9,56.5,57.9,69.6,71.3, 75.4. The
inirared spectroscopy data of Oxy33 showed peaks at 3342
cm™', 2929 cm™, 2872 cm™", 2849 cm™'. The turbo spray
mass spectrometry data of the Oxy133 showed peaks at
438.4 m/z [M+NH_ ]+, 420.4 m/z [M-H,O+NH,]+, 403.4
m/z [M-H,O+H]+, 3854 m/z [M-2H,O+H]+. The 'H
NMR, "°C NMR, IR, and MS of Oxy133 data are shown in
FIGS. 2, 3, 4 and 5, respectively.

Example 5

Alternative One-Vessel Procedure from Pregnenolone
Acetate

100 mL n-hexylmagnesium chloride (2ZM 1 THEF, 200
mmol) was charged to a flask and cooled to -10° C. A
solution contaiming 20 g pregnenolone acetate (56 mmol) 1n
200 ml of anhydrous THF) was added dropwise, while
maintaining the internal reaction temperature below —10° C.
After the addition was completed, the mixture was stirred for
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30 minutes then allowed to warm to room temperature. After
4 hours at room temperature, the mixture had become a
gelatinous stirrable mass. The mixture was cooled to 0° C.
and 200 mL Borane-THF complex (1M 1n THF, 200 mmol)
was added dropwise, while maintaining the internal tem-
perature below 0° C. Once addition was complete, the
resulting solution was allowed to warm to room temperature
overnight.

The mixture was cooled to 0° C. and quenched by the
slow addition of a mixture of 10% NaOH (190 mL) and 30%
H,O, (55 mL). Once the quench was complete, the mixture
was extracted with MTBE (800 mL total) resulting in an
emulsion. Brine was added and the layers were separated.
The organic phase was concentrated under reduced pressure
to a clear, viscous o1l. The o1l was further purified utilizing
the plug column method previously described.

It will be apparent to those skilled in the art that various
modifications and variations can be made to various embodi-
ments described herein without departing from the spirit or
scope of the teachings heremn. Thus, 1t 1s mtended that
various embodiments cover other modifications and varia-
tions of various embodiments within the scope of the present

teachings.

What 1s claimed 1s:

1. A method of making an oxysterol, the method com-
prising reacting a diol having the formula:

with a borane compound to form the oxysterol or a
pharmaceutically acceptable salt, hydrate or solvate
thereol having the formula:

wherein the R1 and R2 are each a hexyl group and the diol
1s  (35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-
[(S)-2-hydroxyoctan-yl]-2.,3,4,7.8,9,11,12,14,13,16,
17-dodecahydro-1H-cyclopentaa]phenanthren-3-ol
and the oxysterol 1s a monohydrate.

2. The method of claim 1, wherein the borane compound
1s BH; and 1s reacted with a peroxide.
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3. The method of claam 2, wherein the peroxide 1s
hydrogen peroxide.
4. The method of claam 3, wherein the BH, and the
hydrogen peroxide are reacted in the presence of tetrahy-
5

drofuran to form the oxysterol.
5. The method of claim 4, wherein (1) the oxysterol 1s

hydrated, (1) the borane 1s reacted with the diol at a
temperature of less than 5° C., (111) the hydrogen peroxide 1s

reacted with the diol at a temperature of less than 15° C., or . 7
(1v) the oxysterol 1s solidified and separated by filtration. HO
6. The method of claim 1, wherein the reaction 1s carried ‘ ‘
out in a single container to yield the oxysterol having the with borane, hydrogen peroxide and tetrahydrofuran to
formula form the oxysterol or a pharmaceutically acceptable
salt, hydrate or solvate thereof having the formula:
15
OH
f:;;,,,*-
‘-IIIHH 20
HO R 2 m0” NTEN
OH H =
OH
or a pharmaceutically acceptable salt, hydrate or solvate - wherein the R1 and R2 are each a hexyl group and the diol
thereof. is  (3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-
7. The method of claam 1, wherein the oxysterol 1s [(S)-2-hydroxyoctan-yl]-2,3,4,7,8,9,11,12,14,15,16,
purified by dissolving the oxysterol in an organic solvent. 17(—1dfhdecahy(tir0-llH-cyclopelllltz[a]tphenanthrenﬁ-01
_ , _ and the oxysterol 1s a monohydrate.
8. lhe method of claim 7, wherem the oxysterol 1s 15. The method of claim 14 wherein the reaction 1s carried
single container to yield the oxysterol having the

purified by dissolving the oxysterol in acetone and water to 35 .t in a
formula

recover purillied oxysterol crystals.
9. The method of claim 7, wherein the oxysterol 1s
OH

purified by reflux and recrystallization by dissolving the
oxysterol 1 acetone and water to recover purified oxysterol
40

crystals.
10. The method of claim 9, wherein the purified oxysterol o

1s hydrated after crystallization.
11. The method of claim 1, wherein the borane compound

1s reacted with the diol at a temperature of less than 3° C. 45

f:ffj'ttl

12. The method of claim 4, wherein the hydrogen perox-
ide 1s reacted with the diol after the borane 1s reacted and the HO/ i
hydrogen peroxide 1s reacted with the diol at a temperature H =
of less than 15° C. OH
13. The method of claim 1, wherein the reaction 1s carried >0
or a pharmaceutically acceptable salt, hydrate or solvate
thereof.

out 1n a single container to yield the oxysterol.
14. A method of making an oxysterol, the method com-
prising reacting a diol having the formula:
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